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SUMMARY 
1. This bulletin presents a simple method by which dairymen can 
determine how profitably individual cows turn feed into milk, and also 
supplements Missouri Station Bulletin 351, which presents a simple 
method by which dairymen can determine how efficiently individual 
cows turn feed into milk. By P1'ofit we mean the difference between 
money received for milk and money received for feed; by efficiency 
we mean the percentage of digestible feed consumed by a cow, which 
is recovered in her milk. 
2. While efficiency of milk production is not dependent mechan-
ically on body weight of cow, profitableness may be dependent on 
body weight. Thus, if other conditions are the same, profit per cow 
tends to increase with increasing body weight; profit per 1000-pound 
body weight tends to decrease with increasing body weight; profit per 
unit milk produced, or per unit feed consumed, tends to be the same 
whether the cow is large or small. 
3. If efficiency is the same in large and small cows, and if the 
milk from large and small cows is sold at the same price per pound 
of milk containing 4% fat, then large cows would on the whole be the 
more profitable. However, under current breeding and feeding prac-
tices small cows tend to be slightly more efficient than large cows. 
Moreover, for some purposes (cream or butter production; getting a 
deeper cream line) small cows may be preferable, regardless of efficiency. 
For these complex reasons the statement that large cows tend to return 
a greater profit than small cows must be qualified by the condition 
under which the dairy business operates. It must be remembered that 
while efficiency (percentage of feed converted to milk) is the best, 
indeed the only, index of biological dairy value of a cow, commercial 
profitableness of an entire dairy enterprise (not necessarily per cow, 
per 1000-pound live weight, or per 1000-pound milk) is the best index 
of the commercial value of a cow. It is hoped that Missouri Station 
Bulletin 351, which presents simple methods for estimating efficiency 
of individual cows, and this bulletin, which presents simple methods for 
estimating profitableness of individual cows, will help the dairyman 
in selecting and breeding for the attainment of his goal. 
Estimating Profitableness of 
Dairy Cows* 
s. BRODY AND A. c. RAGSDALE 
The profitableness of a cow depends not only on her ability to 
convert a high percentage of feed into milk, but also on many other 
factors. Missouri Agricultural Experiment Station Bulletin 351 de-
scribes a simple method for estimating energetic efficiency of milk 
production, which is the ratio of energy in milk produced to energy in 
digestible feed consumed, or the percentage of digestible feed energy 
(TDNt) which is recovered in the milk. The percentage of recovery 
of feed in the milk is not mechanically dependent on size of animal or 
on level of milk production. A little mouse with her small milk pro-
duction may convert as high a percentage of feed into milk as a large 
cow; but this does not mean that a mouse could be used as a dairy 
animal. It is thus clear that energetic efficiency of milk production 
is a biologic, not commercial, measure of "dairy quality" or "dairy 
value." Energetic efficiency of milk production is the best measure of 
the biologic dairy value of a cow because it ignores extraneous circum-
stances such as live weight of cow, amount of milk produced, prices 
of milk and feed, and cost of labor, which are important commercially 
but not physiologically. Bulletin 351 is concerned with energetic effi-
ciency, which is an index of biologic value of cows; this bulletin deals 
with the commercial value of cows, or with profitableness. 
Of the various factors affecting profit from the dairy cow, other 
than her ability to convert a high percentage of feed into milk, the 
difference between price of milk and feed is the most important. 
Other factors are: market demands (cream, butter, cheese, con-
densed or evaporated milk, markets demanding milk with rich or 
medium fat content) ; labor costs ; housing; equipment costs ; taxes. 
These factors are discussed in Missouri Research Bulletin 239 to which 
a reader interested in the basic data is referred for details. The present 
bulletin merely introduces simple charts wherewith to estimate profit; 
not overall profit, which is rather too complicated a matter for presen-
tation in simple charts, but profit in the sense of difference between price 
of milk on one hand, and cost of feed on the other. But first, let us 
say a word concerning the relation between energetic efficiency and 
monetary profit and describe three different ways of computing profit. 
*Paper 111 in the Herman Frasch Foundation Series. 
tTDN stands for total digestible nutrients; FCM stands for milk corrected to 4% fat 
according to the method of Gaines. 
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THREE WAYS OF COMPUTING PROFIT 
Profit may be computed per cow; per unit body weight of cows; 
and per unit milk produced or feed consumed. 
1. Profit Per Cow 
Large cows usually produce more milk than small cows. Under 
farm conditions, there is on the average a difference of about 250 
pounds FCM* per year for every 100 pounds live weight. Under 
official-test conditions, there is a difference of about 500 pounds FCM* 
per year for every 100 pounds live weight. If the energetic efficiency 
(that is the percentage conversion of feed energy into milk) is the 
same in large as small cows, and therefore profit per pound of FCM 
is the same, then obviously the large cow which produces more milk 
will also bring in the larger profit. Recognizing that there may be a 
slight difference, we may say that the cost of management, labor, hous-
ing, equipment, taxes, etc., tend to be approximately the same for a 
large as for a small cow. Therefore the cost of producing a unit of milk 
is likely to be less and the profit greater from a large than a small cow. 
As a matter of fact, however, large cows tend to be somewhat 
less efficient than small cows because dairymen commonly judge cows 
by their milk and fat production level, not energetic efficiency. Thus 
900 and 1200 pounds cows are judged to be equally good if they 
produce the same amount of FCM, in spite of the fact that a 900-pound 
cow is more efficient if she produces as much milk 'as a 1200-pound 
cow, because a 900-pound cow needs less feed for maintenance than 
one which weighs 1200 pounds. In other words, judging cows by their 
milk production level, regardless of size, tends to associate in selection 
high energetic efficiency with small size. It is entirely possible that 
the relatively superior overhead economies of large cows are on the 
average compensated by the tendency (for the reason just explained) 
of small cows to produce milk with higher energetic efficiency; so that 
on the average large and small cows may be equally profitable. In other 
words, if energetic efficiency and other conditions were the same, large 
cows would produce greater profit per unit FCM than small cows 
because the overhead expense (management, labor, housing, taxes, 
etc.) per unit milk is less for large cows. However, energetic efficiency 
and other ·conditions are not the same for large arid small cows. Selec-
tive breeding tends to favor higher energetic efficiency in small cows. 
Market and technical conditions are likewise influential. Thus, butter 
is probably produced more economically from small cows, and milk 
from the smaller breeds of cows gives a better cream line for market 
"FCM stands for milk containing 4% fat. 
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milk. For these and other reasons, the statement that large cows tend 
to return a larger profit than small cows must be qualified by special 
considerations. 
2. Profit Per Unit Live Weight 
While a large cow tends to produce more milk than a small cow, 
the smaller cow tends to produce more in proportion to her body weight 
than a larger cow. This statement does not imply that in the absence 
of selective breeding small animals tend to be more efficient energetically 
than large animals. Although it is true that the small cow tends to 
produce more FCM per unit of her body weight than the large cow, she 
also consumes more feed per unit body weight than the large cow, with 
the net result that energetic efficiency tends to remain the same in 
large as in small cows. It is an interesting and important piece of 
information that on a per cow basis a large cow tends to produce more 
milk and return a larger profit, but on a per rooo-pound live weight 
basis a small cow tends to produce more milk and return a larger profit. 
3. Profit Per Unit Milk Produced or Per Unit Feed Consumed 
Profit per unit FCM produced, or profit per unit feed consumed, 
tends to be the same for large and small cows, for the same reason 
that energetic efficiency tends to be the same. 
To summarize within the normal range of live weight of our com-
mon dairy breeds : ( 1) on a per cow basis, a large cow tends to 
produce more milk (FCM) and tends to be more profitable than a small 
cow; (2) on a per 1000-pound live weight basis, a small cow tends to 
produce more milk and tends to be more profitable than a large cow; 
( 3) on a per unit milk ( FCM), or per unit feed, basis profit is inde-
pendent of live weight of the cow. 
THE RELATION BETWEEN PROFIT AND 
EFFICIENCY 
For the purpose of this discussion, we define energetic efficiency 
as percentage of the digestible nutrient energy eaten by a cow, that is 
recovered in her milk; and profit, as difference between money received 
for milk and money spent for feed. What is the relation between profit 
and efficiency as thus defined? 
This question is best answered by Fig. 1, which shows the relation 
between profit and efficiency on a per cow basis ( left), per 1000-pound 
body weight basis (center), and per 1000-pound milk ( FCM) basis 
(right). Fig. I shows that profit per cow and per 1000-pound live 
weight increases more rapidly than efficiency. Thus a 10% increase in 
efficiency from the 14% to the 24% effiCiency level increases the profit 
DOLLAR~ 
400 
300 
1-200 
Ll.... 
9 
0.... 
100 
0 
-50 
%10 
PROFIT PER COW 
DOLLAR~ 
400 
rr J R 
7 v 
PROFIT PER I CCX) LBS. 1/ h 1-- BODY WEIGHT 
/ r;; 
- ~· ~. 
.....,.., ~ 
<£"(9 
· ~ " v ~ /~ . 
' ~ /. 
l/ ~ 
~ 
3001 
2oo! 
1001 
0 
-50 
DOLLAR~EAR 
I 
-14 PROFIT PER ICCX) LBS . 
............ 
'2 F.c.M. v/ 
/ 
v v 
8 / I 6 
I 4 I 2 
0 
.0 I ' NOTE: 
; I f.CM. IS MILK CORRKTED TO I 4% FAT CONTENT. 
·6/ PROFITS BASED ON: MILK AT S2ro PER 100 LBS. F.C.M. I 
.FEED f.T St:50 P~R t<X? LBS. !-D.N. 
2o 30 40 50%10 20 30 40 50%10 '20 30 140 50 
GROSS ENERGETIC EFFICIENCY 
Fig. !.-Influence of gross efficiency on profit per cow, p~r unit Jive weight, and per unit milk production. 
BuLLETIN 368 7 
on the 1000'-pound cow from zero to $50 per year; but a 10% increase 
in efficiency from the 35% to the 45% efficiency level increases profit 
on the 1000-pound cow from $150 to $370. The 10% increase between 
the 14% and the 24% efficiency levels was foUowed by a $50 increase 
in profit; the 10% increase in efficiency between the 35'% and 45% 
efficiency levels was followed by a $220 increase in profit. Incidentally, 
the energetic efficiency of milk production can never exceed 50% ; that 
is, not over 50% of the TDN can be recovered in milk. On the other 
hand 14% efficiency is the bare minimum for paying cost of feed. 
Another important fact made clear by Fig. 1 is that, as previously 
noted, on a per cow basis, the larger the cow the greater the profit at a 
given energetic efficiency; on a per 1000-pound body weight basis, the 
smaller the cow the greater the profit; on a per 1000-pound FCM 
basis, the profit is the same in large as in small, and is almost directly 
proportional to energetic efficiency for the normal range of good dairy 
cows. 
Methods for Estimating Profit 
Since the commercial and energetic value of milk varies with its 
fat percentage, it is first necessary to convert the given milk to milk 
containing 4% fat, which is considered as the "standard" fat per cent. 
Missouri Station Bulletin 351 explains how to convert milk of any 
fat percentage to milk containing 4% fat (designated by FCM, which 
means, according to Gaines, fat corrected milk) . 
Knowing the live weight and the amount of FCM produced by a 
cow, we may easily estimate her energetic efficiency of milk production 
with the aid of Chart I in Missouri Station Bulletin 351. 
In the present bulletin we introduce a series of charts for esti-
mating profit of milk production on a per cow, per 1000-pound live 
weight, and per 1000-pound FCM produced. The method for estimat-
ing profit by the charts in this bulletin is identical with the method 
for estimating efficiency by the chart in Missouri Station Bulletin 351. 
The charts and their legends are self explanatory. We shall add a 
few words to each merely for completeness. 
Profit Per Cow at a Given Milk and Feed Price 
First, convert milk of the given fat percentage to FCM by the 
method given in Table 1, Missouri Station Bulletin 351. Second, 
estimate profit from Fig. 2. Fig. 2 has 3 scales: the left scale shows 
production in pounds of 4% milk per year and per day; the right 
scale, body weight in pounds; the center scale gives profit. Example: 
What is the profit on a 700-pound cow producing 23.3 pounds FCM 
per day, or 8500 pounds FCM per year? The milk sold at $2.00 per 
100 pounds FCM, and the feed cost $1.50 per 100 pounds TDN. 
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EXAMPLE· (I) A 700 LB. COW PRODUCING 
23.3 LBS. FCM PER DAY OR 8500 LBS. FCM 
PER YEAR YIELDS A PROfiT Or So.27 PER 
DAY OR S98. PER 'YEAR. 
(2) A 1550 LB. COW PRODUCING 25.5 LBS. 
rCM PER DAY OR 9300 LBS. r CM PER YEAR 
YIELDS A PROFIT or So.22 PER DAY OR 
S8o PER YEAR. 
NA PROFIT BASED ON A MILK PRICE or S2 PER 100 
LBS. FCM, AND A FEED COST OF S!.50 PER 100 LBS. TON. 
Fig. 2.-Nomograph for establishing profit per cow from body weight and milk production 
(FCM) assuming that price of milk is $2.00 per 100 pounds FCM and of feed $1.50 per 100 
pounds TDN. Broken lines (1) and (2) indicate the solutions of examples (1) and (2) on 
the chart. The profits of "Daisy" and "Lily," discussed in the text, are also indicated bl' broken 
lines, as labelled. Before using this chart convert milk to FCM by Table 1 Missouri Station 
Bulletin 351. 
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Fig. 3.-N omograph for estimating profit per 100·Pounds live weight. See text and legend 
for Fig. 2 for method of reading chart. 
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Solution: To find the profit of the 700-pound cow producing 8500 
pounds FCM per year (an average of 23.3 pounds per day), place a 
straight edge (or stretch a string) across the chart between 8500 (or 
23.3) on the left (milk) scale and 700 on the right (body weight) 
scale, as shown by line ( 1). Line ( 1) cuts the center (profit) scale 
at 98, or 0.27, which means that the profit is $98.00 per year, or $0.27 
per day. 
To find the profit of a 1550-pound cow producing 9300 pounds 
per year (an average of 25.5 pounds per day), place a straight edge 
across point 9300 (or 25.5) on the left scale and 1550 on the right 
scale as shown by line (2). The center scale shows a profit of $80.00 
per year, or $0.22 per day. 
In addition to the above two imaginary examples solved on the 
chart by broken lines ( 1) and (2), there are two· other broken lines 
on Fig. 1 which estimate the profit for the 1936 Holstein champion cow, 
Carnation Ormsby Butter King "Daisy," which weighed 1700 pounds 
and produced 36,476 pounds of 4% milk, and the 1935 Jersey cham-
pion cow, Stonehurst Patrician's "Lily," which weighed 700 pounds 
and produced 25,946 pounds 4% milk. Daisy's energetic efficiency was 
estimated to be 43.5% (that is, about 43 .5% of her feed energy was 
probably recovered in her milk) ; Lily's energetic efficiency was esti-
mated to be 47.5%. Fig. 2 shows that Daisy's estimated profit* was 
$500 for the year; Lily's $367. 
Profit Per 1000-Pounds Body Weight at a Given Milk and 
Feed Price 
Broken lines ( 1) and (2) in Fig. 3 indicate the solution of 
examples ( 1) and (2) on the chart, which need not be discussed 
further, as the method of solution is identical with that given for 
Fig. 2. 
Fig. 2 shows that on a per cow basis, 1700-pound Daisy returned 
a $500 profit as compared to $367 proft from 700-pound Lily*; in other 
words on a per cow basis. Daisy returned 36% greater profit than 
Lily. 
Fig. 3 shows that a per Iooo-pot~nd bodJ weight basis 1700-pound 
Daisy returned $292 profit as compared to $522 profit from 700-pound 
Lily*; in other words, on a per Iooo-pound body weight basis, Lily 
returned 79% greater profit than Daisy. 
. Which of the two ways of estimating profit is the better for 
indicating dairy quality of a cow, profit per cow, or profit per unit 
live weight? Is Lily or Daisy the better dairy animal? Incidentally, 
*The estimates were made on the assumption that milk sold for $2.00 per 100 pounds 
FCM, feed $1.50 per 100 pounds TON, no other expenses or incomes were considered. 
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EXAMPLE: (1) A 700LB. COW PRODUCING 
23JLB5. F.C.M. PER DAY OR 8500LB5. PER YR. 
YIELDS A PROFIT PER 1000 LBS F.C.M. OF $0.031 PER DAY OR$n.4o PER YEAR. 
(2) A 155ol8 COW PRODUCING 25.5LB5. FCM 
PER DAY OR 9300 LBS f C M PER YEAR YIELDS 
A PROFIT PER 1C:::COLB5 FCM Of $oo24 PER 
DAY OR $8.65 PER YEAR. 
N.B. PROFIT BASED ON A MILK PRICE OF $2 PER 100LBS. 
FCM, AND A FEED COST OF St.5o PER 100 LBS. TON 
Fig. 4.-Nomograph for estimating profit per 1000-pounds milk (FCM). As in Figs. 2 and 3, solutions of two examples are indicated, and a compar ison is shown between the profits of the Holstein and Jersey champions. 
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EXAMPLE: Feeding a ration, costing $1.05 per 100 lbs. and yielding 70% T. D. N., to a cow producing 30 lbs. F. C. M. per day at a gross efficiency of 30% and selling her milk at $2.00 per 100 lbs. F. C. M., returns a profit of $117 per year or $10.50 per 1000 lbs. F. C. M. 
Fig. 5.- Nomograph for estimating profit per 1000 pounds FCM and per cow from milk (FCM) and feed prices, and from energetic efficiency. The broken line indicates the solution of the example on the chart. Begin on tb e left side with feed cost ($1.05 per 100 pounds feed) ; connect with percent· age 'J'DN in feed (70% TDN); extrapolate to the TDN cost axis which gives cost per unit TDN ($1.50 per 100 pounds TDN). Connect $1.50 on the 'I'DN cost axis with gross energetic efficiency (30%); extrapolate to line t, connect the point on line t with millk price (assumed to be $2.00 per 100 pounds FCM) and extrapolate to the u line which gives profit per unit milk ($10.50 profit per 1000 pounds FCM). Connect point on u line with milk (FCM) line (cow assumed to produce 30 pounds FCM per day) and extrapolate to profit line, indicating a profit of $117 per year, the answer. See Table 1, Missouri Station Bulletin 351 for method of converting milk to TDN. 
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EXAMPLE: A 1225 lb. cow producing 30 lbs FCM per day is fed a ration costing $1.50 per 100 lbs. TDNN. selling her 
milk at $2.00 per 100 lbs. F.C.M., returns a profit of $117 per year. 
Fig. 6.-Another method for estimating profit per cow. The solution of the example on the chart is indicated by the directed broken line. See text for details. 
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profit per unit milk (FCM) at a given milk and feed price is the same 
for Dalisy as for Lily as shown in Fig. 4. 
Figs. 2, 3 and 4 substantiate what was previously noted: that if 
other conditions are the same, on a per cow basis, profits are greater 
for large than small cows; on a per IOOo-pound live weight basis, 
profits are greater for small than large cows; on a per IOoo-pound 
milk (FCM) basis profit is the s·ame for both. 
Profit Per Cow at Variable Milk and Feed Prices 
Figs. 2 to 4 were prepared on the assumption that the price of 
milk was $2.00 per 100 pounds FCM, and of feed, $1.50 per 100 
pounds TDN. Fig. 5 on the other hand indicates profit per cow and 
profit per 100 pounds FCM for any price of feed and milk. The 
broken line in Fig. 5 indicates the solution of the example given at the 
bottom of the chart. The example gives cost of feed ($1.05 per 100 
pounds); percentage TDN in feed (70%); energetic efficiency of 
the cow ( 30%) ; price of milk ($2.00 per 100 pounds PCM) ; milk 
production (30 pounds FCM per day). The broken line in Fig. 5 
indicates the method of solving this problem. Connect $1.05 (price 
of feed) on feed-cost axis with 70 (% TDN in feed) on % TDN axis 
and extrapolate to the TDN cost axis. Connect $1.50 on the TDN-
cost axis with 30% on the energetic efficiency and extrapolate to line 
t; connect the point on t with $2.00 on the milk-price axis and extra-
polate to line u where it intersects $10.50, which is profit per 1000 
pounds FCM. Connect point $10.50 \vith 30 on the milk production 
axis and extrapolate to the profit per cow axis where it intersects at 
$117, which is the profit per cow per year. 
Fig. 6 presents another method of estimating profit per cow per 
year. The directed broken curves in Fig. 6 indicate the method of 
solving the example given on the chart. Connect 1225 (weight of 
cow) on the body weight axis with 30 (FCM yield) on the FCM-yield 
axis and extrapolate to line t. Connect this point with $1.50 (cost per 
100 pounds TDN) on the feed-cost axis and extrapolate to line u. 
Connect $2.00 (price per 100 pounds FCM) on the milk-price axis 
with the point on line u intersected by the line extrapolated from the 
feed-cost axis and continue to line t. Connect this point to line t with 
30 ( FCM production of cow) on the FCM production line and extra-
polate to the profit axis, where it cuts point 117, the profit in dollars 
per year, which is the answer to the problem given on the chart. 
